A 67 year old man with a clinical diagnosis of attenuated familial adenomatous polyposis (AFAP) and a past history of synchronous colon cancers in the transverse colon was also found to have an intraductal papillary mucinous neoplasm (IPMN) of the pancreas. In addition, several foci of heterotopic gastric oxyntic mucosa were noted in the duodenum, interspersed with flat and polypoid adenomas. The duodenal adenomas showed low grade dysplasia, loss of adenomatous polyposis coli (APC) protein expression, but retention of b catenin staining, localised to the nucleus and cytoplasm. The IPMN in the pancreas showed an identical immunohistochemical profile to the duodenal adenomas. The heterotopic gastric foci in the duodenum were negative for the APC protein, and b catenin staining was membranous in location. Although the patient did not show germline truncating APC mutations or mutations in the MYH gene, the past history, clinical features, and immunohistochemical profile of the various lesions suggest strongly that the IPMN is part of the spectrum of lesions encountered in AFAP. Whether the heterotopic oxyntic gastric mucosa in the duodenum is also related is unclear, but it may represent a forme fruste of fundic gland polyps.
A 67 year old man with a clinical diagnosis of attenuated familial adenomatous polyposis (AFAP) and a past history of synchronous colon cancers in the transverse colon was also found to have an intraductal papillary mucinous neoplasm (IPMN) of the pancreas. In addition, several foci of heterotopic gastric oxyntic mucosa were noted in the duodenum, interspersed with flat and polypoid adenomas. The duodenal adenomas showed low grade dysplasia, loss of adenomatous polyposis coli (APC) protein expression, but retention of b catenin staining, localised to the nucleus and cytoplasm. The IPMN in the pancreas showed an identical immunohistochemical profile to the duodenal adenomas. The heterotopic gastric foci in the duodenum were negative for the APC protein, and b catenin staining was membranous in location. Although the patient did not show germline truncating APC mutations or mutations in the MYH gene, the past history, clinical features, and immunohistochemical profile of the various lesions suggest strongly that the IPMN is part of the spectrum of lesions encountered in AFAP. Whether the heterotopic oxyntic gastric mucosa in the duodenum is also related is unclear, but it may represent a forme fruste of fundic gland polyps. F AP (familial adenomatous polyposis) is an autosomal dominant condition characterised by germline mutations in the APC gene on chromosome 5q21. Loss of the second allele of APC heralds the appearance of hundreds to thousands of adenomas, especially in the colorectum. Extracolonic manifestations of FAP are numerous and diverse sites are affected; however, pancreatic involvement is usually in the form of adenocarcinoma. Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is a relatively recently described entity, having been first documented in 1982. 1 It has been the subject of several clinicopathological, radiological, and molecular analyses. IPMN is defined as grossly visible, non-invasive, mucin producing, predominantly papillary epithelial neoplasms arising from the main pancreatic duct or branch ducts, and associated with variable distension of the associated duct. 2 In addition, varying grades of cytological atypia may be encountered in the lining epithelium. IPMN is not usually associated with inherited syndromes and most cases occur sporadically. Thus far, only one case of IPMN had been encountered in a patient with FAP. 3 Attenuated FAP (AFAP) is a subset of FAP that is typified by a milder clinical course, and although definitive diagnostic criteria have not been formulated, these patients have 100 or fewer adenomas, show a predilection for proximal colon involvement with rectal sparing, involvement of stomach and duodenum, and a later age of onset for both adenomas and cancer (over 40 years) than patients with FAP. [4] [5] [6] ''Familial adenomatous polyposis) is an autosomal dominant condition characterised by germline mutations in the APC gene on chromosome 5q21''
We wish to report a patient with clinical AFAP who manifested the typical colonic and duodenal features of this syndrome, but also had IPMN of the pancreas and multiple polypoid duodenal lesions composed of fundic or oxyntic gastric mucosa, which raises the possibility of polypoid heterotopic gastric tissue or a form of fundic gland polyp.
CLINICAL SUMMARY
The patient was a 67 year old man who at the age of 60 had surgery for two synchronous colon cancers of the transverse colon. In addition, he had a family history of colon cancer: his mother had died at age 50 of colon cancer. Five years after the colectomy, the patient had several polyps removed from the region of the splenic flexure. In the course of surveillance endoscopy he was noted to have multiple duodenal polyps, which were observed over a period of time. Gastric polyps were not noted. At his last endoscopy, one of the adenomas appeared larger and was reported as showing high grade dysplasia. In view of this, the risk of another cancer and his previous history, a Whipple's procedure was planned. He is alive and well 14 months after surgery.
MATERIALS AND METHODS
The specimen was received in 10% neutral buffered formalin. The specimen was dissected according to the departmental grossing protocol for Whipple's specimens. In addition, multiple sections from the duodenum and stomach were also taken. The entire pancreatic specimen was processed for histopathological evaluation. Sections from the specimen were processed in a routine manner and stained with haematoxylin and eosin. Immunohistochemistry was performed on formalin fixed, paraffin wax embedded tissue. In brief, 4 mm sections were cut on to silane coated slides. After performing microwave antigen retrieval in 10mM citrate buffer (pH 6.0) in a T/T Mega microwave oven, samples were incubated with primary monoclonal mouse antibodies diluted in antibody dilution buffer (DakoCytomation, Ontario, Canada). The antibodies used and their dilutions were as follows: anti-b catenin (1/2000; Transduction Laboratories, Boston, Massachusetts, USA), anti-APC (1/1000; Abcam Ltd, Cambridge, UK), and anti-E cadherin (1/500; Zymed, San Francisco, California, USA). As a positive control, adenomas from a known FAP case were run in parallel, and the primary antibody was omitted as a negative control. In addition, normal non-adenomatous tissues present in the stained sections were also used as positive controls and for comparative purposes, where appropriate.
The patient was also tested for germline truncating APC mutations, as is routine for screening patients for FAP and AFAP. 6 Germline mutations at MYH codons 165 and 382 were tested by denaturing high performance liquid chromatography. 7 
RESULTS

Pathological findings
The gross specimen consisted of the distal half of the stomach (9.0 6 7.0 cm), duodenum (19.5 cm long), and segment of the pancreas (5.0 6 4.0 6 3.0 cm). The mucosa of the stomach was grossly unremarkable. Numerous brown/tan ''roughened'' or thickened areas (0.2-0.3 cm in diameter, where individual foci could be identified) were noted in the first and second parts of the duodenum. The thickened area spanned 6.0 cm and extended to the duodenal papilla. In addition, more obvious adenomas or polyps (approximately 10) were noted in the duodenum, with the largest measuring 1.0 cm in maximal diameter. Within the head of the pancreas, a 1.0 6 0.7 cm cystic lesion containing mucoid material was noted within a branch of the main pancreatic duct. The main pancreatic duct was not dilated and contained no lesions. The surrounding pancreatic parenchyma was normal. Fourteen regional lymph nodes were dissected.
Microscopic examination of the duodenal lesions showed the presence of numerous flat adenomas ( fig 1A) and conventional tubular adenomas with a polypoid appearance ( fig 1B) . In most of the adenomas the lining epithelium displayed low grade dysplasia, and only a small focus of high grade dysplasia was noted in the largest tubular adenoma. However, no evidence of invasion into the lamina propria was seen. In the proximal duodenum, and interspersed between the flat adenomas, were several foci (at least 12) of gastric fundic or oxyntic type mucosa. These varied in size from small microscopic foci to more polypoid lesions ( fig 1C, D) . They were composed of mucous glands (some of which were dilated), parietal cells, and chief cells. A similar focus was noted in the distal aspect of the stomach, close to the junction with the duodenum. These lesions were considered to be polypoid areas of gastric heterotopia. The absence of prominent dilatation militates against a definitive diagnosis of fundic gland polyps. Sections from the distal duodenum were devoid of flat adenomas, polypoid lesions, and gastric fundic gland polyps.
The lesion in a branch duct within the pancreas was papillary in configuration, caused distension of the duct, and was surrounded by sclerotic fibrous tissue (fig 2A) . The lining epithelium had a distinctly intestinal-type appearance and displayed mild to moderate dysplasia ( fig 2B) . Extracellular mucin production was present with resultant distension of the duct housing the lesion. No invasion was present and a diagnosis of IPMN with mild to moderate dysplasia was made. The adjacent pancreatic tissue showed focal chronic pancreatitis in the region of the IPMN, secondary to duct obstruction.
Immunohistochemistry
The flat and more polypoid duodenal adenomas showed loss of APC protein immunoexpression ( fig 2C) . Built in positive controls (non-adenomatous duodenal mucosa and Brunner's glands) retained APC expression. In contrast, b catenin expression was retained in the adenomas, and was strong and localised mainly to the nuclei of the adenoma cells, with some associated cytoplasmic staining (fig 2D) . The heterotopic gastric foci in the duodenum also showed absence of APC protein staining but retention of b catenin in a membrane location. The normal duodenal mucosa showed typical membrane accentuation of b catenin staining. The IPMN had an identical staining pattern to the duodenal adenomas. Once again, APC protein expression was strikingly absent (fig 3A) , whereas b catenin was positive in both nuclear and cytoplasmic locations ( fig 3B) .
Staining for E cadherin was either weak or negative in the duodenal adenomas and the IPMN of the pancreas.
Molecular testing for APC mutations by the protein truncation test showed no abnormalities. The patient was wild type at MYH codons 165 and 382.
DISCUSSION
Mutations of the APC gene in FAP are now well described, as is the almost 100% penetrance associated with this condition. The APC protein regulates cytoplasmic concentrations of b catenin by acting as a negative regulator. Sixty percent of APC mutations occur near the b catenin binding site, resulting in the production of a truncated APC protein that has the ability to bind to, but not degrade, b catenin. Mutations in the mutation cluster region of APC near the catenin binding sites result in the loss of tubulin binding and the inability to phosphorylate and degrade b catenin. Hence, b catenin protein concentrations and immunoexpression can be used as a surrogate marker to infer the status of the APC gene and its protein.
''Sixty percent of APC mutations occur near the b catenin binding site, resulting in the production of a truncated APC protein that has the ability to bind to, but not degrade,
Although clinical criteria for the diagnosis of FAP have been established and are generally accepted, it has become apparent that not all patients fulfil all criteria. [8] [9] [10] In 1992, Lynch and colleagues suggested that the hereditary flat adenoma syndrome may be a variant of FAP, and coined the phrase ''attenuated FAP'' to describe this subset of patients. 11 12 Patients with AFAP have the following features: less than 100 polyps or flat adenomas, involvement of the colon proximal to the splenic flexure with rectal sparing, duodenal adenomas, gastric fundic gland polyps, later age of onset of polyps (average age, 44 years) and colon cancer (average age, 56 years). 4 The patient described in our report satisfies the clinical criteria for AFAP. In addition, he had a history of two synchronous transverse colon cancers at age 60 and his mother died of colon cancer at age 50. The absence of an identifiable APC mutation after routine genetic screening is not surprising because in 15-50% of patients with classic FAP it is not possible to identify an APC mutation. 5 13-16 With regard to the genetic analyses of patients manifesting the AFAP phenotype, at least 34 distinct mutations have been identified in the APC gene. 4 Several mutations are sequestered at the 59 end of the APC gene, within exons 3 and 4, and at the 39 end of the gene. 4 6 17 In fact, van der Luijt and colleagues reported that deletions in the region of exon 15 at the 39 end of APC do not lead to truncated APC protein production in patients with AFAP, 17 as seen in our present patient.
Recently, a new syndrome called MYH associated polyposis has been described with a recessive pattern of inheritance as a result of biallelic missense MYH mutations. 7 18 These patients have the phenotypic features of AFAP, including upper gastrointestinal neoplasms. 19 20 Although we only tested for the two common MYH (165C and G383D) mutations, it is possible, but not likely, that this patient has one or more germline MYH mutation in other regions of the gene. Moreover, the typical recessive pattern of inheritance of MYH associated polyposis would not explain the young age of onset of colorectal cancer in the proband's mother.
The immunohistochemical findings in this patient's adenomas are in keeping with a mutation in APC. All adenomas showed complete loss or greatly decreased expression of the APC protein. This was accompanied by extremely strong immunopositivity for b catenin. The normal duodenal mucosa showed b catenin staining localised to the cell membrane. However, in the adenomas and the IPMN of the pancreas, strong nuclear and focal cytoplasmic staining for b catenin was present. The lack of APC protein allows the accumulation of b catenin. Mutations in the APC gene and alterations in the wnt signalling pathway are thought to be responsible for the nuclear localisation of b catenin, the so called nuclear shift of the b catenin protein. 21 The nuclear shift of b catenin staining has been noted previously in sporadic colorectal adenomas. 22 23 Thus, there is immunohistochemical evidence in support of an APC gene abnormality in our case. The pancreatic IPMN showed an identical immunohistochemical profile to the duodenal adenomas. It is inferred from this that a similar pathogenetic pathway is responsible for the IPMN and the duodenal adenomas. Although pancreatic adenocarcinoma is the most common extracolonic pancreatic manifestation of FAP, a cystic papillary tumour 24 and a glucagon producing endocrine tumour 25 have also been described in patients with FAP. The patient with an IPMN documented by Maire et al was a 48 year old man who had a strong family history of FAP, and at the age of 33 had undergone an abdominoperineal resection for rectal carcinoma. He presented with epigastric pain and at surgery was found to have an IPMN of his main pancreatic duct. Genetic analysis showed a germline mutation in exon 15 of the APC gene, and loss of heterozygosity was seen in the pancreatic lesion, with inactivation of both alleles of APC. 3 Our case had the additional feature of what we have interpreted as multiple polypoid foci of gastric heterotopia in the duodenum. These were different from the commonly encountered fundic gland polyps because mucous gland dilatation (although present focally) was not a prominent feature. However, the multiplicity of lesions, the variable size and appearance (microscopic foci to more obvious polypoid lesions), their location interspersed between flat and polypoid adenomas in the duodenum, and the clinical scenario all favour these lesions being associated with the clinical syndrome of AFAP. Perhaps the slightly different appearance compared with typical fundic gland polyps results from the yet to be identified genetic abnormality of APC in our patient. Multiple fundic gland polyps have been described in the duodenal bulb in a patient without intestinal polyps, 26 but this appears to be the only reported case in the English literature of such an occurrence. The absence of APC protein expression and the normal staining and distribution of b catenin are in keeping with the study by Abraham et al, who found no b catenin gene abnormalities in FAP associated fundic gland polyps. 27 Furthermore, an immunohistochemical analysis of syndromic and sporadic fundic gland polyps showed loss of APC protein expression in syndromic polyps, whereas aberrant nuclear localisation of the b catenin protein was not found in either syndromic or sporadic fundic gland polyps. 28 Thus, there is evidence that the so called fundic gland polyps encountered in the duodenum in our case conform immunohistochemically to the syndromic fundic gland polyps described by Hassan et al. 28 We wish to highlight an unusual extracolonic manifestation in AFAP, that of IPMN in the pancreas and polypoid oxyntic gastric heterotopia (with a superficial resemblance to fundic gland-type polyps) in the duodenum. On the basis of the immunohistochemical staining patterns for the APC and b catenin proteins and the clinical scenario, we believe that the duodenal adenomas and IPMN of the pancreas are pathogenetically related, with the IPMN being an unusual extracolonic manifestation of FAP and/or AFAP syndromes. Whether the polypoid oxyntic gastric mucosa is part of the spectrum of lesions is more difficult to prove conclusively. 
